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One of the largest cottonwood ecosystems in the western United Sates is found on the 
South Fork of the Snake River in Idaho. The narrowleaf cottonwood (Populus 
angustifolia) plays an important role in the riparian community, providing habitat for 
many species of wildlife. A decline in the number of young cottonwood trees has been 
attributed to the reduction of peak flows resulting from dams located along the South 
Fork. The decreased peak flows had greatly reduced the rate of channel movement and 
associated stream deposits, which provide critical habitat for cottonwood regeneration. 
The result was a large cottonwood community growing increasingly older without new 
seedlings to replace dying trees. In June of 1997, a combination of large snowmelt and 
rainfall resulted in a peak flow of about 43,500 cubic feet per second. A flood of this 
magnitude could produce the necessary conditions for cottonwood recruitment. In 1998 
and 1999 cottonwood seedlings were studied to determine what influenced their spatial 
establishment and mortality. Results indicate that cottonwood recruitment occurred in 
each year following the flood and seedling location was related to river stage during the 
period from late July to mid to late August. There was no clear pattern of cottonwood 
seedling mortality, nor were there any widespread seedling mortality from 1998 to 1999. 
Post-flood cottonwood seedling areas were also quantified and compared to areas of 
cottonwood seedling establishment created before the 1997 flood. Total cottonwood 
seedling area, while greater in 1999 than before the flood, did not make up for the total 
cottonwood forest area lost as a result of the flood. Deposits did show greater spatial 
recruitment of seedlings in the years following the flood when compared to the years 
following the lesser flood of 1986. This unusually large water event gives land managers 
a chance to study the colonization of vegetation along the river and to help manage the 
ecosystem in which the cottonwood plays such a vital role.
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Introduction
For many rivers in the western United States and Canada, cottonwoods {Populus 
spp.) provide the foundation for riparian communities (Rood and Mahoney 1993, Rood et 
al. 1998). They are important for many reasons including bird and fish habitat, 
streambank protection, and habitat for many other wildlife species ranging from rodents 
to native ungulates.
Cottonwoods are a pioneer species that require bare, moist soil that is a result of 
some kind of disturbance, usually flooding (Everitt, 1968; Auble and Scott, 1998; Rood 
et al., 1998; Scott et al., 1997). Stream morphology resulting from a large flood event is 
considered the prime initiator behind the establishment of a future cottonwood cohort.
For this reason cottonwoods have been shown to be historical indicators of river 
discharge, channel movement, and flood plain development (Everitt, 1968). The 
availability of water is equally important for the regeneration and survivability of 
cottonwoods (Rood et al., 1998; Cooper et al., 1999). Seedfall generally occurs shortly 
after spring runoff, when bare sediment deposits are first exposed and water stage is not 
far below the surface. Following initial establishment, seedlings will die from drought if 
the water table decline is too rapid (Rood et al., 1998). Cottonwood species can differ 
slightly in their tolerance to water stage decline. Narrowleaf cottonwood (Populus 
angustifolia), common on the South Fork, has an optimal water table decline tolerance of 
approximately 3 to 5 cm/day (Rood et al., 1998; Kranjcec et al., 1998).
Many rivers in the Western U.S. are regulated by damming and/or water
diversion, and there is concern over their effects on cottonwood ecosystems. The effects
on the stream itself are the limitation of channel morphology, loss of sediment (sediment
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trapped in the reservoir), and altered flow regime. Evidence has shown that the presence 
of dams and water diversions has led to a downstream decline in cottonwood dominated 
riparian forests (Stromberg and Patten, 1992; Rood et al., 1995; Rood and Heinze-Milne, 
1989; Johnson, 1992; Begg et al., 1998).
There are various effects dams can have on the flow regime of a river. Some dams 
are managed to permit natural spring runoff followed by drastically reduced flows during 
the summer and fall. The result is drought-induced mortality of both young and old 
cottonwoods. An example of this can be seen on the St. Mary River in Alberta, where a 
48% decline in downstream cottonwoods took place over a 20-year interval (Rood and 
Heize-Milne, 1989). While high flows create the channel morphology and moist seedbeds 
conducive to cottonwood establishment, seedling root growth does not keep up with the 
sharp drop in flow and seedlings die. Other dams that are managed for flood control and 
irrigation storage eliminate high spring runoff while allowing for increased summer 
flows. Such is the case on the South Fork of the Snake River.
The South Fork of the Snake River in Idaho contains some 20,000 acres of public 
land administered by the U.S. Bureau of Land Management and the U.S. Forest Service. 
The management of these lands is complex due to a variety of concerns about the South 
Fork and its riparian community.
Preservation of the vast cottonwood ecosystem along the South Fork is a clear 
management goal (BLM and USFS, 1991; Bonneville Power Administration, 1994). 
Cottonwoods are critical for Bald Eagle nesting and wintering habitat, for streambank 
protection, for providing shade to improve fishery habitat, and for improving habitat for 
many other wildlife species ranging from songbirds to big game (Bonneville Power
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Administration, 1995). The management of riparian cottonwoods has become a concern 
because of the age distribution of the forest. The forest has grown increasingly older 
without sufficient regeneration to replace itself (BLM and USFS, 1991). This lack of 
regeneration can be attributed to the absence of large peak flows during spring runoff 
(Figure 1).
Sediment deposition and island development have been greatly affected by the 
dams along the South Fork, especially the Palisades Dam built in 1956 (Merigliano, 
1996). To create morphological changes that favor the regeneration of cottonwoods, 
Merigliano (1996) predicted that a peak flow of about 40,000 cubic feet per second (cfs) 
would be necessary. Such a discharge would provide the new sediment deposits for 
cottonwood seedling establishment. In addition, such deposits would be high enough in 
elevation to protect cottonwood seedlings from the following spring runoff. A close-to- 
natural flow decline would also have to occur to protect against drought mortality.
Such a flow occurred in 1997, when a peak of 43,500 cfs resulted from unusually 
heavy snowmelt and rainfall; this flood discharge was maintained for several days in 
mid-June. This event provided the opportunity to study the consequences of this flood on 
subsequent vegetation establishment. Measuring the impact of this event on cottonwood 
regeneration could provide an invaluable tool in future management of the South Fork 
and its riparian ecosystem.
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Figure 1. Maximum yearly discharge based on daily mean discharge data, for the South Fork o f the Snake 
River USGS gauges at Heise (station #13037500) Idaho (refer to study site description in Methods). 
Palisades Dam became operational in 1956. Source: USGS Idaho water resource 
http://water.usgs.gov/id/nwis/discharge/?site_no=^ariow#&agency_cd:=USGS
Study Objectives
The study objectives are:
1. Identify relationships between cottonwood regeneration and mortality, and 
various hydrological and environmental factors following the 1997 flood.
2. Provide recommendations for future water management plans on the South Fork 
Snake River.
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Hypotheses
1) Null Hypothesis:
Cottonwood seedling density after the 1997 flood is independent of post flood 
stream flow.
Alternative Hypothesis:
Cottonwood seedling density after the 1997 flood is dependent on post flood 
stream flow.
2) Null Hypothesis:
Cottonwood seedling mortality is independent of cottonwood seedling density, 
stream stage and cover.
Alternative Hypothesis:
Cottonwood seedling mortality is dependent on cottonwood seedling density, 
stream stage and cover.
3) Null Hypothesis:
The area of cottonwood seedlings in 1999 equals that in 1993.
Alternative Hypothesis:
The area of cottonwood seedlings in 1999 is significantly (p = 0.10) greater than 
that in 1993.
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Methods
Study Area
The study reach of the South Fork Snake River begins at the Palisades Dam near 
Irwin, Idaho and ends at the Byington (Poplar) public boat launch ramp near Heise,
Idaho. The distance is approximately forty river miles. The U.S. Geological Survey 
(USGS) maintains two gauging stations along the study reach: Snake River near Irwin, 
Idaho (station #13032500) is about a mile below the dam, and Snake River near Heise, 
Idaho (station #13037500) about one-quarter mile upstream from the Byington boat 
ramp. The Heise gauge started producing continuous data on October 1, 1910, while the 
Irwin gauge started on October 1, 1949. Both gauges have nearly identical yearly 
hydrologic flow patterns. All river discharges mentioned in this thesis will be from the 
USGS gauge station at Irwin unless otherwise noted.
Sampling of Vegetation
Fresh alluvial deposits resulting from the flood were marked and numbered on 
colored aerial photographs (scale 1:12,000) taken on September 24, 1997. The focus was 
on deposits appearing to be at least one-half acre in size exposed at a water flow of 7,470 
cfs. This is the approximate flow at the Irwin gauge site at the time the aerial photographs 
were taken. Deposits less than one-half acre in size were not considered because they had 
to be large enough to observe variations in topography and to provide sufficient area for 
monitoring vegetation. Fifteen alluvial deposits were selected randomly, along with five 
alternates, from the 109 deposits greater than one-half acre (Figures 2a -  2c). When I
began fieldwork during high flows in the spring of 1998,1 anticipated the possible loss of
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a deposit. A few chosen deposits were small in size and could be washed away during 
subsequent spring run-offs. For this reason I included the first alternate deposit at the start 
of the first field season. Indeed one of the 15 alluvial deposits (#20) had been washed 
away during the spring of 1998. Another deposit, #81, was not visible until very low flow 
in 1999. On each of the selected deposits, three rebar benchmarks were placed, two for 
surveying and one for vegetative plot work. Of the two for surveying, one benchmark 
was placed on the upstream end of the deposit (BM#1), the other at the downstream end 
(BM#2). The downstream benchmark was used as the datum for topographic surveying, 
while the upstream benchmark was used for directional reference. The rebar is an iron 
rod approximately one foot long and one-half inch in diameter for the survey benchmarks 
and three-quarter inch for the vegetative benchmark. Exceptions are on alluvial deposits 
#15, #40 and #48, where an additional reference survey benchmark was necessary due to 
deposit size, shape or obstructions.
Conant Boat Ramp^
CD
Swan Valley Bridge 
.32
Spring Creek Boat Ramp 23
A
Section 3
Section 2
Section 1
Figure 2a: Location of sample deposits
South Fork Snake River 
Section 1
Sampling Order of Deposits 
81, 15, 11, 59, 48, 23, 99, 56, 51, 78, 40, 82, 66, 69, 20
Alternates 
64, 61, 32, 79, 5
Deposit #64 replaces #20, which washed away.
South Fork Snake River
Cottonwood Boat Ramp
Section 2
Black Canyon Bend
Sampling Order of Deposits
Alternates 
64, 61, 32, 79, 5 Dry Canyon
Deposit #64 replaces #20, which washed away.
Section 3
Section 2
ine Creek
Conant Boat Ramp
MilesSection 1
Figure 2b: Location of sample deposits
Heise 
USGS Gauge Cottonwood Boat Ramp
Section 3
Section 2
Section 1
Figure 2c: Location of sample deposits
N
A
South Fork Snake River 
Section 3
Sampling Order of Deposits 
81, 15, 11, 59, 48, 23, 99, 56, 51, 78, 40, 82, 66, 69, 20
0.3 0 0.3 0.6 Miles Alternates
64, 61, 32, 79, 5
Deposit #64 replaces #20, which washed away.
One surveying procedure involved the delineation of water stage (the height of the 
water line relative to the survey benchmarks) on each sample deposit. The objective was 
to delineate the peak and low water stage, with a few in-between stages (appendix B).
The water line around each deposit was surveyed with both an automatic level and a total 
station (a tripod mounted instrument using laser reflections off a staff to determine 
precise distance and direction). While the total station records data to the nearest 
millimeter, rod placement and the use of the automatic level yielded water levels to ±0.01 
meters. These mapped water stages were then used to construct a stage-discharge 
relationship at each sample deposit.
To determine the density and extent of cottonwood seedlings, a systematic 
sampling grid of fixed-sized 2 x 2  meter plots were spaced 10x10 meters apart on the 
sample deposits (Figure 3). The plot locations were referenced to benchmarks. Typically 
two surveying benchmarks were placed (within the higher area) on each deposit for the 
purpose of water stage and island topography (the exception being 15, 40, and 48 which 
had three survey benchmarks). From a random starting point on the fixed plot grid, a 
third benchmark was placed at a random point from the downstream survey benchmark. 
By means of a hand-held compass (read to % degree) and a 50-meter plastic tape, pin- 
flags were laid out in a 10 x 10 meter square. Each flag location was the center of a 2 x 2 
meter vegetative plot. The objective was to revisit the same plot locations both years 
(1998 and 1999) for comparison purposes. Flags were picked up after completion of the 
survey each year.
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Upstream Benchmark
10 meters
C en te r of plot  --------   ■
Veg. BM Downstream Benchmark
Figure 3. An example o f the vegetative plot layout design on a typical sediment deposit. A more detailed 
example o f the numeration design can be seen in appendix D.
A systematic sampling procedure for measuring vegetation was chosen for several 
reasons. One is the ability to evenly sample across the entire deposit. This permitted the 
entire range of topography within each deposit to be sampled in most cases. Narrow 
islands were troublesome as sampling intensity was lower. Second, it allows for the use 
of square quadrants, which were needed to determine non-woody cover. Third, 
systematic sampling with a large number of plots, gives good estimates of density 
distribution (BLM, 1998).
Determining cottonwood seedling density at specific locations plays an important 
role in the statistical analysis of data from this study. Density is most sensitive to changes 
caused by mortality or recruitment (BLM, 1998). Knowing the spatial distribution of 
seedling density will give us information to determine optimum recruitment location 
based on topography. Establishing this relationship will allow stream flow
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recommendations to be made for South Fork Snake River managers. Comparing density 
from 1998 to 1999 will yield seedling mortality data for each plot, which then can be 
compared to other data observed during field sampling. Mortality information will 
answer resource manager’s concerns regarding recruitment of seedlings in the years after
1997, and 1997 seedling survivability following a few seasons of stream flow under 
normal dam operations.
Although a paired-design was planned, it was discovered during the 1999 surveys 
that plot locations did not perfectly match those of 1998. Evidence was the occasional 
plot flag accidentally left behind in 1998. While some plot locations were within 30 cm 
of each other, a few flags were up to 1.5 meters away. The further away from the 
reference mark, the less confidence in matching plot locations of 1999 with those of
1998. I believe that plots were laid out within 20 - 30 cm to each other in both years, with 
the great majority of errors occurring on the largest deposits of 15 and 40, and those with 
narrow strips away from the main deposit that made squaring lines up with other lines 
(used as a check to form a grid) unfeasible such as on deposits 40 and 66. Positional 
accuracy would have been greatly improved if benchmarks had been placed in a 50 x 50 
meter grid in 1998. In this way measuring a tape’s ends could be placed in precisely the 
same location as 1998.
At each 2 x 2  meter plot the number of cottonwood (Populus angustifolia) 
seedlings were recorded, along with aerial canopy cover using the outside extremities 
(Daubenmire, 1959) of other non-woody colonizers such as reed canarygrass (Phalaris 
arundinacea) and curly dock (Rumex crispa). In 1998, cottonwood seedlings were 
recorded as either a 1997 or 1998 cohort. In 1999, plots were revisited with cottonwood
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numbers recorded as being old (1997 or 1998 age class) or a 1999 cohort. A total of 
1,000 plots were surveyed in 1998 and 1140 in 1999. Lower flows at the time of 
vegetation sampling in 1999 accounted for the increase in the number of plots. Plots were 
surveyed between August and mid-October of 1998 and 1999.
Plot layout permitted an examination of seedling densities in relation to deposit 
topography and river stage. Changes in densities indicate mortality. Each plot’s elevation 
was then related to river stage dynamics, and thus served as a surrogate for moisture 
regime at each plot.
Seedling Establishment
Seedling density and river stage provided the necessary data from which to derive 
a relationship between cottonwood establishment and river stage dynamics. The 
vegetation sampling yielded the density of each cottonwood age class at an x, y position 
on each sample deposit. A digital elevation model (DEM) was produced using Arclnfo©
7.2 (ESRI, 1982 -  1998) GIS software from topographic survey data obtained via the 
total station or auto level at each deposit. Due to Arclnfo ‘Grid’ command’s algorithms, 
some survey points had to be interpolated and manually placed in to the data set to 
eliminate occasional discrepancies between the GIS generated DEM and true ground 
topography. This usually involved adding about 5 or 6 points per deposit on level areas 
where few survey points were taken. Using this DEM in ArcView© 3.2 (ESRI, 1991 — 
1995), along with the x, y positional data of each plot, an elevation (z-value) at each plot 
was calculated. DEM’s were also created from the various river stages surveyed on each 
deposit. On most deposits the lowest river stage surveyed was at 7,900 cfs. Because I was
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unable to visit the field during this targeted flow period, the survey was done on the stain 
and debris line clearly left on deposits after approximately 2.5 weeks of this flow. No 
vegetation was observed lower then this stage. This was the approximate flow at which 
the 1997 aerial photographs were taken. To determine the height of each plot above this 
river stage, the Arclnfo© ‘Grid’ command was used to compute the difference in 
elevation between the surface DEM and the river stage DEM.
To determine the depth-to-water at each plot for river stages between those that 
were surveyed, a stage-discharge relationship was established for each deposit. Stage 
elevations were taken in a straight line on each sample deposit, perpendicular to the flow 
of the river’s main channel. This eliminated error in stage elevation due to changes in 
elevation over the length of the deposit. Effort was made to take elevations from actual 
surveyed positions rather than from an interpolated DEM position. On most deposits, 
three stage elevation lines were created. Because of the change in elevation of both the 
water line and the deposit itself moving downstream, the three stage lines were 
standardized so that the lowest stage for each line was at the same elevation, with the 
other stage elevations adjusted accordingly. This resulted in nine data points (using three 
stage lines, 12 with four stage lines) to construct a linear regression equation. Using 
SPSS© 8.0 statistical software, a linear regression equation was fit between the log of 
stage elevation (dependent variable) and the log of discharge (independent variable). In 
some instances adding a second independent variable, the log of the discharge squared, 
increased the adjusted r-square and reduced the standard error of the estimate.
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In order to predict where cottonwoods would likely establish given certain stage 
elevations, a non-linear regression equation between cottonwood density (CDENS) and 
depth-to-water (DW) in meters of the form:
CDENS = c*EXP(-0.5*(DW -  u)2 / 12)
Where c, u and t are Gaussian parameters to be estimated 
c = upper asymptote of CDENS 
u - optimum of CDENS 
t = tolerance of CDENS 
was used (Jongman et. ah; 1995, Zar, 1984). The expected outcome is that stage elevation 
would be a strong influence on cottonwood establishment location, with the 1997 age 
class establishing itself at a higher elevation than 1998 and 1999 seedlings.
Using a Gaussian curve enables one to look at the results and to view the 
anomalies. Not all density values lie on the curve; specifically some will have low 
densities at or near the optimum stage for that particular age class. While a strong 
relationship between stage and seedling locations is expected, looking for relationships 
amongst outliers may indicate other independent variables that should be looked at. The 
non-linear function was constructed for each age class (1997, 1998, and 1999) on each 
island using SPSS© statistical software vlO.O.
Rejection of the null hypothesis of no trend will depend on the regression models 
generated. Consistencies in the u parameter of the Gaussian curve (optimum height above 
low water), for each deposit’s model will be the critical determining factor.
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Cottonwood Seedling Mortality
Using seedling density observed in 1998 and 1999, mortality can be detected in 
the 1997 and 1998 age classes. Mortality is the percentage of loss from the total number 
of 1997 and 1998 age classes enumerated from the 1998 to 1999 vegetative surveys. 
Three independent variables were examined to determine their relationships with 
mortality (dependent variable): cottonwood seedling density, percent of non-woody cover 
(in 1999), and depth-to-water (distance to the surveyed low water mark of 7,900cfs). 
Percent of non-woody cover was calculated by estimating a canopy-coverage area using 
the outside extremities of the plant (Daubenmire, 1959) relative to the total area of the 
plot.
Stepwise multi-linear regression (using SPSS© statistical software vlO.O) was 
used to construct a prediction model for mortality using the above three variables. The 
strategy was to find a combination of independent variables that yielded a statistically 
significant relationship with mortality. For this reason a specific F-value for the inclusion 
or exclusion of an independent variable at each step in the regression analysis was not set.
Mortality and the non-woody cover count data were transformed using the arcsin 
transformation. The arcsin transformation allows percentage data to be normalized. To 
determine whether there are any ‘hotspots’ of cottonwood seedling mortality on these 
fresh deposits, mortality was mapped for each plot.
Mortality was mapped in order to manually look for any patterns by grouping 
values into four classes: 0 to 25%, 25 to 50%, 50 to 75%, and 75 to 100%.
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Cottonwood Age Distribution
Cottonwood forest age distribution is based upon previous research by Merigliano 
in 1996. In his work, the flood plain between the Irwin and Heise gauging stations was 
broken into twenty sections, ten of which were randomly chosen for study. By coring, the 
ages of a number of cottonwood trees within these sections were determined and seedling 
areas were delineated. This gave a spatial age distribution of all cottonwoods within these 
ten study sections in 1993. On post-flood 1997 aerial photographs, areas of new 
cottonwoods established from 1997 to 1999 were delineated, as well as stands from 
Merigliano’s work. The spatial distribution of age classes was then quantified and 
compared to that before the flood. A paired t-test was used to detect any change in spatial 
extent of age classes after the 1997 flood as compared to that reported by Merigliano 
(1996). A second paired t-test was used to determine any change in cottonwood seedling 
area, comparing seedlings from 1993 (aged 1 to 10 years) to seedlings from 1999 (aged 0 
to 2 years). Any p value equal to or less than 0.10 will be considered significant.
The percentage of new alluvial deposits covered by cottonwood seedlings after 
the 1997 flood was compared to the percentage of area occupied by 1993 cottonwood 
seedlings on deposits created after the 1986 flood. Using colored aerial photographs 
(scale 1:12,000) taken on April 22, 1987, areas of new deposits resulting from the 1986 
flood (under pre-dam conditions about 2 year recurrence interval, a 10 year recurrence 
interval post-dam; Irwin 25,000 cfs, Heise 26,700 cfs) were compared to areas of 
cottonwood seedling establishment in 1993 (seedlings resulting from the 1986 flood) 
within the 10 flood plain sections.
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Stream features were digitized from enlarged 1997 aerial photographs using 
Cartalinx© software. These data files were then exported to and analyzed in ArcView©
3.2 (ESRI, 1991 - 1999). In order to digitize from aerial photographs, control points with 
real world coordinates had to be established on the photographs. Control points (six for 
each photo) were taken from digital orthophoto quarter quads (DOQQ) from the 
USGeological Survey. The black and white DOQQ’s were viewed with ArcView© as a 
TIFF file at one-meter resolution. The issue of relief displacement is normally a concern 
when digitizing from aerial photographs. Because the river was centered on the 
photographs and the elevation of the river and new deposits did not vary by more then a 
few meters on any photograph, the relief displacement on these 1:12,000 scale photos 
was assumed to be negligible (Robinson et al., 1998). With the aerial photographs being 
stereoscopic, radial displacement was minimized by using the center 50% -  60% of each 
photograph.
Results and Discussion
Cottonwood Age Class
While there was a large recruitment of young cottonwoods following the 1997 
flood (Figure 4), there was an overall loss of cottonwood area within the 10 flood plain 
sections (Figure 5 and 6). Total cottonwood area in 1999 was 827.4 acres, compared to 
896.7 acres in 1993. In comparing area loss within age classes there was a significant loss 
in three of the younger age classes (Table 1). It could be that younger stands of
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cottonwoods are more vulnerable to being eroded away by water level changes than older 
stands that have already survived 100 years or longer.
y . .  ■_ i h. .X^XLi-
3 4 7 9 11 14 15 17 19 20
Section
■  1993 Seedling area (1 to 10 years) □  1999 Seedling area (0 to 2 years)
Figure 4. Comparing the amount o f seedling area observed in 1993 (pre-flood) and 1999 (post-flood) on ten 
sample study sections located along the South Fork of the Snake River. Cottonwood seedling area 
increased as a result o f the 1997 flood.
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Figure 5. A comparison of total cottonwood forest area between 1993 (pre-) and 1999 (post-flood) for ten 
study sections located along the South Fork o f the Snake River. Cottonwood forest area decreased as a 
result o f the 1997 flood.
22
200 T
180
160
140
120
030)
<
60
40
1 to 11 to 21 to 36 to 51 to 66 to 81 to 101 to 126 to 151 to 201 to 251 to
10 20 35 50 65 80 100 125 150 200 250 300
Age Class (years)
■  1993 □  1999
Figure 6. Loss of cottonwood forest area by age class after the 1997 flood over all ten flood plain study 
sections located on the South Fork of the Snake River.
With the p value less then 0.10, the null hypothesis was rejected and the 
alternative hypothesis was accepted, i.e. the area of cottonwood seedlings in 1999 was 
significantly greater than that in 1993 flood. Actual p values are listed in Table 1.
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Table 1: Descriptive statistics associated with paired differences between areas occupied by cottonwood 
seedlings in various age classes during 1993 and 1999 along the South Fork o f the Snake River within 
Merigliano’s 10 study sections, (n = 10)
Age Class (vears)
Mean
Area
Difference 
(acres') Std. Error Mean
95% Confidence 
Interval o f the 
Difference 
Lower Unner t
1 to 10 .6595 .2061 .1934 1.1257 3.201
11 to 20 .3221 .1663 -5.4E-2 .6982 1.937
21 to 35 .3258 .2799 -.3074 .9590 1.164
36 to 50 1.5094 .5946 .1644 2.854 2.539
51 to 65 1.2969 .6061 -7.4E-2 2.6679 2.140
66 to 80 1.1961 .4030 .2844 2.1078 2.968
81 to 100 .4485 .8110 -1.3862 2.2832 .553
101 to 125 .3755 .6759 -1.1535 1.9045 .566
126 to 150 1.5722 .8936 -.4492 3.5936 1.759
151 to 200 1.1164 1.4979 -2.2721 4.5049 .745
201 to 250 .6119 .7301 -1.0396 2.2634 .838
251 to 300 .1048 .1215 -.1701 .3797 .862
1993 seedling 
area v. 1999 
seedling area -1.5159 .6631 -3.0159 -1.5E-2 -2.286
Sig. (1 -tailed) 
.0055 
.0425 
.1370 
.0160 
.0305 
.0080 
.2970 
.2960 
.0560 
.2375 
.2120 
.2055
.0240
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Errors in cottonwood stand area were observed when comparisons were made 
between the 1993 and 1999 data, i.e. areas associated with certain age classes would 
increase from one year to another. There are several factors that could explain this 
discrepancy. One is photo interpretation of cottonwood stand outlines. The fact that the 
aerial photographs are at different scales and taken at different times of the year (one set 
has leafless trees) makes it difficult to accurately redraw both cottonwood stand and 
section boundaries. Relief displacement, measurement acquisition (GIS v. planimeter) 
and human error may all contribute to differences; this is especially true for small 
polygons. These conditions created discrepancies that resulted in an increase in total area 
of the same age class from 1993 to 1999.
Comparing the area of cottonwood seedlings in 1993 to that in 1999 showed an 
increase of seedling area in 7 of the 10 flood plain sections (Figure 4). Total cottonwood 
seedling area gained throughout all 10 floodplain sections was from 12.6 acres to 27.8 
acres. There was also a greater proportion of new alluvial deposit covered by cottonwood 
seedlings compared to 1993 seedlings following the moderate 1986 flood (Figure 7).
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Section
■  Percent of 1987 deposit area with seedlings in 1993 
□  Percent of 1997 deposit area with seedlings in 1999
Figure 7. Increase in percentage area of alluvial deposits with cottonwood seedlings observed in 1993 and 
in 1999 for ten study sections located along the South Fork of the Snake River.
While there was a loss in mature cottonwood trees, it was expected that seedling 
areas were large enough to make up for these losses. As of 1999 this had not happened. 
With cottonwood recruitment observed each summer after the 1997 flood there is still the 
possibility that with proper flow regime management, these alluvial deposits will 
continue to gain and maintain seedling area.
Seedling establishment
Throughout the fieldwork portion of this study it was readily apparent that there 
was zonation in age classes of cottonwood seedlings based on deposit topography. Band-
like patterns of cottonwood seedlings in years following a major flooding event have 
been documented in other studies (Rood et al., 1998). Seedlings from 1997 were usually 
present on the highest elevations of these deposits with 1998 and 1999 seedlings at lower 
elevations respectively. A wider gap was noticed in the elevation difference between the 
1997 and 1998 seedlings versus 1998 and 1999 seedlings. The gap between 1998 and 
1999 seedlings were small enough that one plot having one age class could easily have 
the other. This was not the case with plots dominated by 1997 age class seedlings. This 
difference is likely the result of what the river stage elevation was during seed dispersal, 
which for the South Fork of the Snake River occurs between the last week in June until 
mid July (Figure 8). Maps of sample deposits with each year’s seedling density as seen in 
1999 are found in appendix D.
The independent variables for the Gaussian curve had to be estimated and run 
until a reasonable non-linear model emerged. The first few models involved trial and 
error to input acceptable starting values for the three independent variables. Once these 
values worked for one deposit, the outputs were often used successfully to start the model 
on the next deposit. The parameter which did need much adjusting for each deposit was 
C; the upper asymptote of seedling density and T; the tolerance or spread of seedling 
density.
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Figure 8. Average daily discharge for the South Fork of the Snake River USGS gauges at Irwin (station 
#13032500) and Heise (station #13037500) Idaho for water years 1997 through 1999. Data taken from 15- 
minute real time recordings. Source: USGS Idaho water resource 
http://water.usgs. gov/id/nwis/discharge/?site_no=staf«w#&agency_cd=USGS
Snake River USGS Gauge 
Heise, ID
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Models could only be generated for deposits from which a sufficient amount of 
data was collected. For these deposits, optimum height above low flow for cottonwood 
seedling establishment was estimated for three field seasons (Figure 9). When graphing 
the results, there were a number of plots with zero or low density at or near optimum 
height to low water. While not all of these plots can be explained, the absence of fine 
sediment is one likely reason. Mapping of these plot locations showed their locations to 
be in areas of coarse gravel. Complete results of the non-linear regression models for 
cottonwood seedling density versus depth-to-water can be seen in Appendix C. To 
construct a Gaussian model, there must be enough data points covering the full range of 
possibilities to produce a reliable prediction equation. Deposits 23, and all of those 
downstream of 64 (Dry Canyon) were too small in spatial area and did not have enough 
plots to produce a rational model.
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Figure 9. Results o f a non-linear regression model for determining optimum height (in meters) above low 
water stage (7,900 cfs) for cottonwood seedling establishment on selected deposits on the South Fork of the 
Snake River over three years following the flood o f 1997.
1.4
1.2
11 15 40 48 51 56 59 64
Deposit
■  1997 01998  D1999
Deposits numbered 15, 48, 56, 59, and 64 show a difference in optimum height 
above low water between 1998 and 1999 to be less than that between 1997 and 1998, 
while deposits 11 and 51 show a similar pattern except that the 1997 optimum is closer to 
the 1998 optimum (Figure 9). I feel this can be accounted for by the fact that the crowns 
of both deposits 11 and 51 were characterized by large gravel or cobbles with little or no 
fine deposits among them. These unfavorable conditions likely prohibited any 1997 
seedling growth at the optimum height to low water on these deposits. The optimum 
height above low water area for deposits 11 and 51 were also very limited. Considering
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these circumstances, 5 of the 6 other deposits (15, 48, 56, 59 and 64) showed a pattern 
where 1998 seedling density was close to, but slightly higher than that of 1999 seedlings, 
with 1997 seedlings being established at a much greater height to low water then the 
1998 age class.
Beginning in late July and running through mid-to-late August, one can see that 
discharge was higher in 1997 than either 1998 or 1999 following peak seed dispersal for 
the South Fork of the Snake River, which occurs in early July (Figure 8). While 1999 
discharge was slightly greater than that in 1998 for the same time period, they are 
consistently close, including the timing of a steep flow decline at the end of July. The 
1997 hydrograph does not take such a sharp decline until well into August and maintains 
a greater flow compared to that in 1998 and 1999 until the second or third week in 
August.
One investigation into the question of seedling establishment was to determine the 
stage at which each vegetative plot would become inundated with water. After a stage- 
discharge curve was developed for each deposit, stage was calculated for every 2,000 cfs 
from the low water mark of 7,900 cfs up to 20,000 cfs. As a check, results were 
compared to actual stage surveys at a low, mid and high watermark for each deposit. 
Unfortunately there was enough prediction error that results from the stage-discharge 
calculations were considered unreliable. It is thought that the error could be a 
combination of both geomorphic changes over the two years of surveying and an 
inadequate number of stages surveyed.
A question for resource managers is whether cottonwoods would establish 
themselves after an initial recruitment in 1997. The establishment of cottonwood
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seedlings in the years following the 1997 flood is evidence that cottonwood recruitment 
on regulated stream is possible under the correct circumstances. A favorable discharge 
decline orchestrated by the US Bureau of Reclamation led to large areas of seedling 
establishment in 1997. Similar favorable discharge declines in 1998 and 1999 led to two 
more years of cottonwood recruitment. As mentioned earlier discharge stage decline is an 
important factor in seedling establishment and survival, however the barrier to 
cottonwood seedling establishment on the South Fork of the Snake River had been the 
lack of peak flow needed for favorable geomorphic change, not necessarily the summer 
stage declines. The flood of 1997 set the stage for present and future cottonwood seedling 
recruitment. This was despite the fact that overall cottonwood forest area was reduced.
By knowing when stream discharge is likely to influence the location of seedling 
establishment, resource managers can adjust flows to promote cottonwood establishment 
on deposit areas presently absent of seedlings. It is important to make the most of the 
recruitment potential following the 1997 flood, as a similar event is not likely to occur for 
some time, based on the last 44 years of dam management.
Another variable believed to have influenced establishment location is the 
presence or absence of fine sediment. One common component of cottonwood 
recruitment is the presence of fine sediment (Cooper et al., 1999; Rood et ah, 1998). 
Observations of abrupt edges of seedlings, as well as areas absent of seedlings within 
optimum topography, revealed a lack of fine sediments amongst large gravel. Due to time 
constraints, I was not able to carry out any data collection on this subject. Lack of fine 
sediment is the likely reason for seedling absence on the crowns of deposits 51 and 82, 
although most deposits showed some bare areas for the same reason.
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Based on optimum height outputs generated by the models, along with the 
observations in the field that likely account for the anomalies on deposits 11 and 51,1 
feel that I must reject the null hypothesis in regards to seedling establishment and accept 
the alternative hypothesis: cottonwood seedling density after the flood is a function of 
stream stage.
Seedling mortality
Initial attempts to construct a reliable model of mortality did not materialize. I 
therefore cannot reject the null hypothesis: Cottonwood seedling mortality is not a 
function of cottonwood seedling density, stream stage, or herbaceous cover. A 
preliminary correlation analysis between mortality and density did show relationships on 
some deposits. I do feel that if more time was spent on the data, specifically the 
relationship between mortality and seedling density, that a relationship may be found. 
Without further attempts to construct a reliable model, I mapped out the mortality on 
some of the larger islands to see if I could visually detect any patterns of mortality. This 
was done only for deposits numbered 11, 15, 40, 48, 51, 56, 59 and 64.
For the most part, there are no clear patterns of mortality. One exception could be 
the high elevations on islands 64, 56, 48, and 40, there seems to be an even spread of low 
mortality (0 to 25%). This is unlike the other similar deposits where high, low and no 
mortality are mixed together, with no apparent pattern. This pattern can be seen in 
comparing the seedling, topography and mortality maps for deposit 64 in Figures 10a-f. 
One can see areas of low mortality coinciding with areas of high elevation and 1997
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seedling growth. High mortality can be seen on the left side of this deposit, where lower 
elevations and high densities of 1999 cottonwoods are present.
All other topographic, seedling and mortality maps are located in Appendix E.
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Figure 10a. Total cottonwood mortality (in percent) o f 1997 and 1998 seedlings as seen from September 
1998 to October 1999 on sample deposit 64 on the South Fork Snake River.
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Figure 10b. Contour map of sample deposit 64.
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Figure 10c. Waterline surveys for sample deposit 64.
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Figure 10d-f. Cottonwood seedling density for sample 
deposit 64 for years (d) 1997, (e) 1998, 
and (f) 1999. River outline is at 7,900 cfs 
(Irwin).
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The following series of photographs (Figures 11, 12, 13 and 15) were taken at the 
confluence of Dry Canyon and the South Fork Snake River, beginning with the June 
1997 flood. The large alluvial bar in the river bend is sample deposit 64. One can see 
though time the patterns of vegetation emerging upon the deposit. Figure 14 shows a 
close up of a cottonwood seedling near the end of its second growing season.
Figure 11. South Fork Snake River at the confluence of Dry Canyon near the height o f the flood. June 13, 
1997. Flow is 38,900 cfs at the Irwin USGS gauge. (Photo by M. Merigliano U. o f Montana)
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Figure 12. South Fork Snake River at the confluence of Dry Canyon. October 1, 1997. Flow is 7,470 cfs at 
the Irwin USGS gauge. This photo focuses on sample deposit 64 created over the existing gravel bar after 
the 1997 spring flood. New growth on this newer gravel bar is too small to be seen on this photo. (Photo by 
M. Merigliano U. of Montana)
Figure 13. South Fork Snake River at the confluence of Dry Canyon. October 6, 1998. Flow is 4,480 cfs at 
the Irwin USGS gauge. This photo focuses on sample deposit 64 created over the existing gravel bar after 
the 1997 spring flood. New growth on this newer gravel bar is becoming apparent with young cottonwoods 
and herbaceous plants becoming visible. (Photo by M. Merigliano U. o f Montana)
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Figure 14. Close up of cottonwood seedlings as seen on the South Fork Snake River, sample deposit 64, on 
October 6, 1998. (Photo by M. Merigliano U. of Montana)
Figure 15. South Fork Snake River at the confluence of Dry Canyon. October 1, 1999. Flow is 5,400 cfs at 
the Irwin USGS gauge. This photo focuses on sample deposit 64 created over the existing gravel bar after 
the 1997 spring flood. New growth now consists o f three years o f cottonwood seedlings and herbaceous 
plants. (Photo by M. Merigliano U. of Montana)
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Table 2 gives a summary of the number of plots experiencing varying degrees of 
seedling mortality for 13 deposits located on the South Fork of the Snake River.
Table 2. Summary of cottonwood seedling mortality observed on sample deposit plots on the South Fork of 
the Snake River between late summers of 1998 and 1999. Cottonwood seedlings are those that established 
following the flood o f 1997.
Mortality
Deposit None 50% or less 50.1% to 99.9% 100% Total # of plots
11 16 9 1 6 32
15 44 35 28 12 119
23 1 3 6 2 12
40 36 32 26 30 124
48 27 19 17 18 81
51 4 6 6 5 21
56 14 9 8 10 41
59 15 9 9 7 40
64 12 24 21 23 80
66 0 0 0 1 1
69 No comparable vegetation data 0
78 1 2 0 0 3
81 No sampling of vegetation 0
82 4 1 2 1 8
99 5 3 2 2 12
Study Improvements
During the course of this research, there are aspects that could have been 
improved upon. With regards to fieldwork, the problem of tampered survey stakes could 
have been avoided by cementing the rebar upon placement. This would have likely 
eliminated problems encountered with benchmarks being removed on several of the 
deposits. In addition, I would have placed more of these rebar benchmarks (without the 
concrete) in a 50-meter grid fashion along vegetative plot lines. In this way, the
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measuring tape would have been placed at the exact location each year of survey, without 
the error introduced from compass work.
Initial selection of sample deposits included a minimum size requirement of about 
one-half acre. With the difficulty in creating a model on some of the smaller deposits near 
this minimum size, I would recommend a larger size limit of one to one and a half acres. 
This would likely have given us more deposits to obtain models for the cottonwood 
establishment and topography relationship.
It became clear through two field seasons that the presence of fine sediment 
(particles 2 mm) was a strong factor in cottonwood seedling location. When looking at 
the Gaussian curves, many anomalous plots could be accounted for by their location in 
areas known to be absent of fine sediment. Unfortunately I did not have time to 
investigate the relationship between seedling establishment and the presence of fine 
sediment at, or very near, the surface. I would have studied the two variables by looking 
at vegetative plot locations on the larger, higher deposits. The deposits would have to be 
high enough to have plots that where not inundated with spring runoff in 1998 or 1999, 
and large enough to produce enough data to construct a model. Likely candidates would 
have been deposits 15, 40 and 64.
To have cottonwood seedlings, fine sediment did not have to be present in large 
quantities, or covering the surface. The vast majority of particles on the 1997 deposits 
consisted of cobbles in the 4 cm to 20 cm range. Where cottonwoods where present, even 
amongst the largest of the cobbles, there was consistently a presence of fine sediment 
between the larger substrate. Often just a coating of fines several centimeters below the 
surface was enough to support seedlings. Areas where fine sediment covered the surface
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were not common anywhere along the study area. In the few instances where there was, 
other factors such as topography being favorable, seedling densities where among the 
densest recorded for the study.
Management Recommendations
Results from this study indicate that permitting a large spring run-off, combined 
with natural flow decline, can produce environments conducive for cottonwood 
regeneration on a river with a normally regulated flow regime. While the South Fork 
Snake River’s declining cottonwood forest (Merigliano, 1996) continued to lose area as a 
result of the June 1997 flood, the amount of seedlings and alluvial deposits produced 
presents a management opportunity to reverse this decline. Recommendations mentioned 
in the following will focus on management of the river conditions resulting from the 
flood and those focused on longer term objectives of maintaining the cottonwood forest 
(BLM andUSFS, 1991; Bonneville Power Administration, 1994).
The flood of 1997 produced large amounts of new alluvial deposits along the 
South Fork Snake River. While much of these new deposits showed promising signs of 
cottonwood regeneration, many showed areas absent of seedlings. Most of these areas 
could be attributed to their topographic position on the deposit, or a lack of fine sediment. 
To take advantage of these potential seedling sites, allowing large spring run-off 
(between 25,000 and 30,000 cfs) would be beneficial. A flood of this magnitude would 
provide the proper stage for seedlings to colonize areas presently devoid of young 
cottonwoods. In addition, a flood of this size would provide more sediment for deposits
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created from the 1997 flood. This would improve conditions where lack of fine sediment 
may be hindering seedling growth. Equally as important as volume of the flow, having a 
natural stage decline throughout the summer and into the early fall is critical to ensure 
survivability of the new seedlings.
While the flood of 1997 has allowed for the establishment of an extensive cohort 
of young cottonwoods, periodic flooding followed by natural stage declines on the South 
Fork Snake River should be implemented to reverse the trend of the declining 
cottonwood forest. Floods of 35,000 to 45,000 cfs every 15 to 25 years would resemble 
natural return frequencies for flows of this magnitude. The best scenario here is to allow 
flooding when the proper conditions are present. The flood of 1997 was not a planned 
event; large snowpack and rainfall left reservoir managers with no other options. It is 
when similar conditions exist that managers can take advantage and allow for large flows.
By permitting large natural flows when favorable conditions exist, the riparian 
ecosystem will reap tremendous benefits while still permitting the Palisades dam to 
provide for irrigation and flood control the vast majority of time. Removal of the 
Palisades dam would be the most certain way to bring about a natural flow regime and 
ensure a healthy cottonwood presence over the long term. This removal would not be 
necessary if periodic flooding were permitted on the South Fork Snake River.
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A P P E N D IX  A
This is the metadata for the shape files used in this thesis.
Creator: Michael C. Williamson
Contact: mcw3734@hotmail.com
Date: November 29, 2000
Abstract: These are digitized files of the South Fork Snake River, ID from the Palisades Dam to the
Byington public boat launch at Heise, ID. These were created for purposes o f studying 
the affects o f the 1997 flood.
Source: Files were created from digitizing stereoscopic aerial photographs. Three sets of photos
were digitized: 1997 (Sept. 24, 1997, scale; 1:12,000), 1992 (1992, scale; 1:6,000), 1987 
(April 22, 1987, scale; 1:12,000). Photos obtained through the BLM office in Idaho Falls.
Software: Photos were digitized using Cartalinx, then exported and analyzed in ArcView 3.2
(ESRI) shapefiles (*.shp).
Control: Because of the lack of manmade control features along the South Fork, control points
were taken from natural features, such as trees and large rocks viewable in the photos. 
Real world coordinated for these point were obtained fromUSGS Digital Orthophotos. 
Black and white images (.tiff) with one-meter resolution. Viewed in ArcView, one is able 
to obtain the UTM coordinate o f any given point. Datum used is UTM Zone 12 north.
Theme Attributes Meaning
97rivera
97riverp
92 arc 
92poly
87newarc
87newpoly
3a**
3p***
Island
Island
Section
Age Class
ARC-Outline o f river banks and deposits from 97 photos
POLY-Deposits from 97 flood are ‘97deposit’ and all other deposits
from years past are ‘Est. V eg.’
ARC-Outline o f river banks and deposits from 92 photos 
POLY-Fresh, bare alluvial deposits are ’92deposit’ and all other 
deposits from years past are ‘Est. V eg.’
ARC-Outline o f new alluvial deposits left from 1986 flood. 
POLY-Fresh, bare alluvial deposits left from the 1986 flood. Attribute 
is the section* of the river it lies within. (* Section refers to the 
breakdown of the river done by Michael Merigliano for his cottonwood 
age class research for the BLM office in Idaho Falls, ID)
ARC-Outline o f river banks and cottonwood stands, by age class. 
Poly-Cottonwood stands broken down by age class (in 1999):
** - Same as for 4a -  20a ***
99 = Water
0 = Aged 0 to 2 years
1 = Aged 6 to 16 years
2 = Aged 17 to 26 years
3 = Aged 27 to 41 years
4 = Aged 42 to 56 years
5 = Aged 57 to 71 years
6 = Aged 72 to 86 years
7 = Aged 87 to 106 years
8 = Aged 107 to 131 years
9 = Aged 132 to 156 years
10 = Aged 157 to 206 years
11 = Aged 207 to 256 years
12 = Aged 257 to 306 years
- Same as for 4p -  20p
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A P P E N D IX  B
Average daily discharge for the South Fork of the Snake River USGS gauges at Irwin 
(station #13032500) and Heise (station #13037500) Idaho as surveyed during 1998 and 
1999 field seasons for determining stage lines on 14 study deposits.
Dep.# Date Heise Irwin
11 10/6/99
10/6/99
3/15/99
6/22/99
5120
8400
10600
20600
4350
7900
10200
20000
15 10/6/99
3/16/99
6/22/99
8400
11500
20600
7900
11000
20000
23 10/6/99
10/6/99
7/28/98
5120
8400
12300
4350
7900
10700
40 10/6/99
4/18/99
6/17/98
6/23/99
8400
9530
15400
20700
7900
8800
14000
20300
48 10/7/99
4/20/99
7/29/98
6/23/99
8400
9780
11400
20700
7900
8800
10700
20300
51 10/8/99
7/30/98
6/23/99
8400
11300
20700
7900
10500
20300
56 10/8/99
5/7/99
6/23/99
8400
11900
20700
7900
11000
20300
Dep.# Date Heise Irwin
59 10/8/99
5/7/99
5/19/99
6/24/99
8400
11900
14000
20900
7900
11000
13000
20500
64 10/8/99
5/19/99
6/24/99
8400
14000
20900
7900
13000
20500
66 10/9/99
10/9/99
7/30/98
5150
8400
11300
4350
7900
10500
78 10/9/99
4/19/99
6/24/99
8400
9660
20900
7900
8800
20500
81 10/9/99
10/9/99
5150
8400
4350
7900
82 10/9/99
7/30/98
6/5/98
8400
11300
19000
7900
10500
17900
99 10/7/99
4/19/99
7/30/98
8400
9660
11300
7900
8800
10500
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A P P E N D IX  C
Addressing the question of spatial establishment between cottonwood seedlings of 
different cohorts.
Results for Non-Linear Regression (all equations are based on a discharge of 7,900 cfs at 
Irwin):
Island 11:
Nonlinear Regression Summary Statistics Dependent Variable COT_D_97
Source DF Sum of Squares Mean Square
Regression 3 4746.97807 1582.32602
Residual 58 2007.33443 34.60921
Uncorrected Total 61 6754.31250
(Corrected Total) 60 5251.72951
R squared = 1 - Residual SS / Corrected SS = .61778
Asymptotic
Asymptotic 95 % 
Confidence Interval
Parameter Estimate Std. Error Lower Upper
T .110775829 .013779934 .083192295 .138359363
C 26.141982714 3.466321973 19.203385414 33.080580014
U .723476755 .010907553 .701642915 .745310595
Nonlinear Regression Summary Statistics Dependent Variable COT D 98
Source DF Sum of Squares Mean Square
Regression 3 5.76243 1.92081
Residual 58 17.55007 .30259
Uncorrected Total 61 23.31250
(Corrected Total) 60 19.74590
R squared = 1 - Residual SS / Corrected SS = . 11120
Asymptotic 95 %
Asymptotic Confidence Interval
Parameter Estimate Std. Error Lower Upper
T .119232863 .037649224 .043869752 .194595974
C .806314634 .266820848 .272214676 1.340414591
U .688276058 .033789701 .620638623 .755913493
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Nonlinear Regression Summary Statistics Dependent Variable COT D 99
Source DF Sum of Squares Mean Square
Regression 3 6349.82291 2116.60764
Residual 91 2069.73959 22.74439
Uncorrected Total 94 8419.56250
(Corrected Total) 93 7501.59375
R squared = 1 - Residual SS / Corrected SS = .72409
Parameter Estimate
Asymptotic 95 % 
Asymptotic Confidence Interval 
Std. Error Lower Upper
T
C
U
-.001333763 .000191679
68.997537019 4.633360942
.260701986 .000225333
-.001714510
59.793934696
.260254390
-.000953016
78.201139342
.261149582
Island 15:
Nonlinear Regression Summary Statistics Dependent Variable COT D 97
Source DF Sum of Squares Mean Square
Regression 3 37827.05699 12609.01900
Residual 181 108191.00551 597.74036
Uncorrected Total 184 146018.06250
(Corrected T otal) 183 126352.00238
R squared = 1 - Residual SS / Corrected SS = .14373
Asymptotic 95 %
Asymptotic Confidence Interval
Parameter Estimate Std. Error Lower Upper
T .210553459 .053366724 .105252531 .315854387
C 28.322538932 4.483842077 19.475214362 37.169863503
U .944873556 .055945248 .834484795 1.055262316
Nonlinear Regression Summary Statistics Dependent Variable COT D 98
Source DF Sum of Squares Mean Square
Regression 3 244.76177 81.58726
Residual 181 3231.55073 17.85387
Uncorrected Total 184 3476.31250
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(Corrected Total) 183 3278.56488
R squared = 1 - Residual SS / Corrected SS = .01434
Parameter Estimate
Asymptotic 95 % 
Asymptotic Confidence Interval 
Std. Error Lower Upper
T
C
U
.165001495
2.035254359
.601206047
.065038187
.686725056
.062253676
.036670938
.680237978
.478369768
.293332052
3.390270739
.724042326
Nonlinear Regression Summary Statistics Dependent Variable COT_D_99
Source DF Sum of Squares Mean Square
Regression 3 2277.18563 759.06188
Residual 190 10642.43937 56.01284
Uncorrected Total 193 12919.62500
(Corrected Total) 192 11637.20920
R squared = 1 - Residual SS / Corrected SS = .08548
Parameter Estimate
Asymptotic 95 %  
Asymptotic Confidence Interval 
Std. Error Lower Upper
T
C
U
.172863896
5.922925824
.374763869
.044415424
1.132163061
.042292316
.085253220
3.689702280
.291341085
.260474571
8.156149367
.458186653
Island 40:
Nonlinear Regression Summary Statistics Dependent Variable C DEN 97
Source DF Sum of Squares Mean Square
Regression 3 4486.69527 1495.56509
Residual 200 11533.36723 57.66684
Uncorrected Total 203 16020.06250
(Corrected Total) 202 13009.55480
R squared = 1 - Residual SS / Corrected SS = .11347
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Asymptotic 95 %
Asymptotic Confidence Interval
Parameter Estimate Std. Error Lower Upper
T
C
U
.267066973
7.697711147
.685878293
.047467465
1.054392519
.046099901
.173466058
5.618558522
.594974072
.360667888
9.776863773
.776782514
Nonlinear Regression Summary Statistics Dependent Variable C_DEN_98
Source DF Sum of Squares Mean Square
Regression
Residual
Uncorrected Total
3
200
203
454.70745
1999.29255
2454.00000
151.56915
9.99646
(Corrected Total) 202 2192.27463
R squared = 1 - Residual SS / Corrected SS = .08803
Parameter Estimate
Asymptotic 
Std. Error
Asymptotic 95 % 
Confidence Interval 
Lower Upper
T
C
u
.156775608
3.685265174
.195456264
.033356979
.694280544
.031759615
.090999108
2.316215992
.132829600
.222552108
5.054314356
.258082929
Nonlinear Regression Summary Statistics Dependent Variable C DEN 99
Source DF Sum of Squares Mean Square
Regression 3 3989.42358 1329.80786
Residual 237 19947.82642 84.16804
Uncorrected Total 240 23937.25000
(Corrected Total) 239 22024.72396
R squared = 1 - Residual SS / Corrected SS = .09430
Asymptotic 95 %
Asymptotic Confidence Interval
Parameter Estimate Std. Error Lower Upper
T .170024300 .032402818 .106189970 .233858629
C 9.316823524 1.672196943 6.022555396 12.611091651
U .423722292 .033235698 .358247170 .489197415
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Island 48:
Nonlinear Regression Summary Statistics Dependent Variable COT_D_97
Source DF Sum of Squares Mean Square
Regression 3 184.09331 61.36444
Residual 134 174.28169 1.30061
Uncorrected Total 137 358.37500
(Corrected Total) 136 328.47719
R squared = 1 - Residual SS / Corrected SS = .46943
Parameter Estimate
Asymptotic 
Std. Error
Asymptotic 95 % 
Confidence Interval 
Lower Upper
T
C
U
.014280609
14.174570479
1.169968004
.002919824
2.359724370
.005966680
.008505706
9.507446838
1.158166951
.020055513
18.841694119
1.181769057
Nonlinear Regression Summary Statistics Dependent Variable COT_D_98
Source DF Sum of Squares Mean Square
Regression 3 51.00499 17.00166
Residual 134 100.05751 .74670
Uncorrected Total 137 151.06250
(Corrected Total) 136 124.56569
R squared = 1 - Residual S S / Corrected SS = .19675
Parameter Estimate
Asymptotic 95 % 
Asymptotic Confidence Interval 
Std. Error Lower Upper
T
C
U
-.142665932
1.170403498
.625222348
.025216509
.169808597
.026147395
-.192539794
.834551680
.573507356
-.092792071
1.506255316
.676937340
Nonlinear Regression Summary Statistics Dependent Variable COT D 99
Source DF Sum of Squares Mean Square
Regression 3 1646.88521 548.96174
Residual 146 5999.42729 41.09197
Uncorrected Total 149 7646.31250
(Corrected Total) 148 6996.13423
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R squared = 1 - Residual SS / Corrected SS = .14247
Parameter Estimate
Asymptotic 95 %
Asymptotic Confidence Interval
Std. Error Lower Upper
T
C
U
-.091394907
8.357666819
.563299669
.020648707
1.700444228
.019904775
-.132203890
4.997001258
.523960952
-.050585924
11.718332380
.602638385
Island 51:
Nonlinear Regression Summary Statistics Dependent Variable COT D 97
Source DF Sum of Squares Mean Square
Regression 3 10821.12500 3607.04167
Residual 28 934.50000 33.37500
Uncorrected Total 31 11755.62500
(Corrected Total) 30 10795.74597
R squared = 1 - Residual SS / Corrected SS = .91344
Asymptotic 95 %
Asymptotic Confidence Interval 
Parameter Estimate Std. Error Lower Upper
T .001472263 .002073328 -.002774758 .005719284
C 225.38304559 1199.4430259 -2231.564615 2682.3307061
U .670731072 .003763487 .663021919 .678440225
Nonlinear Regression Summary Statistics Dependent Variable COT_D_98
Source DF Sum of Squares Mean Square
Regression 3 2916.96567 972.32189
Residual 28 3807.59683 135.98560
Uncorrected Total 31 6724.56250
(Corrected Total) 30 5722.49597
R squared -  1 - Residual SS / Corrected SS = .33463
Asymptotic 95 %
Asymptotic Confidence Interval 
Parameter Estimate Std. Error Lower Upper
T .076635765 .030351917 .014462681 .138808849
C 22.477678889 5.110662416 12.008961496 32.946396281
U .657714307 .039026946 .577771232 .737657382
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Nonlinear Regression Summary Statistics Dependent Variable COT_D_99
Source DF Sum of Squares Mean Square
Regression
Residual
Uncorrected Total
3
37
40
32426.25741
35742.61759
68168.87500
10808.75247
966.01669
(Corrected Total) 39 51563.25000
R squared = 1 - Residual SS / Corrected SS = .30682
Parameter Estimate
Asymptotic 
Std. Error
Asymptotic 95 % 
Confidence Interval
Lower Upper
T
C
U
.183313443
56.101584082
.441376007
.043423128
12.430973837
.042695696
.095329828
30.914038586
.354866310
.271297058
81.289129578
.527885705
Island 56;
Nonlinear Regression Summary Statistics Dependent Variable C O T D 9 7
Source DF Sum of Squares Mean Square
Regression 3 2179.39218 726.46406
Residual 67 7826.60782 116.81504
Uncorrected Total 70 10006.00000
(Corrected Total) 69 8987.58571
R squared = 1 - Residual SS / Corrected SS = .12918
Asymptotic 95 %
Asymptotic Confidence Interval
Parameter Estimate Std. Error Lower Upper
T .098357021 .039076767 .020359468 .176354573
C 12.794218944 3.889720695 5.030303942 20.558133945
U .968673286 .035235834 .898342266 1.039004305
Nonlinear Regression Summary Statistics Dependent Variable COT D 98
Source DF Sum of Squares Mean Square
Regression 3 4522.56250 1507.52083
Residual 67 275.25000 4.10821
Uncorrected Total 70 4797.81250
(Corrected Total) 69 4549.84018
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R squared = 1 - Residual SS / Corrected SS = .93950
Parameter Estimate
Asymptotic 
Std. Error
Asymptotic 95 %
Confidence Interval
Lower Upper
T
C
U
.000137796
67.286451304
.425295464
.000000000
16612999383
504273734963
.000137796
-33159685486
-1.00653E+12
.000137796
33159685621
1.00653E+12
Nonlinear Regression Summary Statistics Dependent Variable COT D 99
Source DF Sum of Squares Mean Square
Regression 3 9407.31834 3135.77278
Residual 84 33484.99416 398.63088
Uncorrected Total 87 42892.31250
(Corrected Total) 86 38995.58764
R squared = 1 - Residual SS / Corrected SS = .14131
Parameter Estimate
Asymptotic 
Std. Error
Asymptotic 95 % 
Confidence Interval
Lower Upper
T
C
U
.122787336 .038804446
23.735294600 6.385039474
.339266281 .035005986
.045620440
11.037943377
.269653039
.199954232
36.432645823
.408879523
Island 59:
Nonlinear Regression Summary Statistics Dependent Variable COT D_97
Source DF Sum of Squares Mean Square
Regression 3 23789.85060 7929.95020
Residual 77 2420.52440 31.43538
Uncorrected Total 80 26210.37500
(Corrected Total) 79 24700.92188
R squared = 1 - Residual SS / Corrected SS = .90201
Asymptotic 95 %
Asymptotic Confidence Interval
Parameter Estimate Std. Error Lower Upper
T .033490819 .001891453 .029724455 .037257184
C 153.29665133 5.822788154 141.70199883 164.89130384
U 1.054105540 .004132730 1.045876224 1.062334857
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Nonlinear Regression Summary Statistics Dependent Variable COT_D_98
Source DF Sum of Squares Mean Square
Regression 3 59.58183 19.86061
Residual 77 19.16817 .24894
Uncorrected Total 80 78.75000
(Corrected Total) 79 72.42187
R squared = 1 - Residual SS / Corrected SS = .73533
Asymptotic 95 %
Asymptotic Confidence Interval 
Parameter Estimate Std. Error Lower Upper
T .045515071 .005769869 .034025794 .057004347
C 4.213034679 .407558407 3.401482210 5.024587147
U .605545448 .004821177 .595945259 .615145637
Nonlinear Regression Summary Statistics Dependent Variable COT D 99
Source DF Sum of Squares Mean Square
Regression 3 37573.06290 12524.35430
Residual 79 2704.81210 34.23813
Uncorrected Total 82 40277.87500
(Corrected Total) 81 38639.79878
R squared = 1 - Residual SS / Corrected SS = .93000
Parameter Estimate
Asymptotic 
Std. Error
Asymptotic 95 % 
Confidence Interval 
Lower Upper
T
C
U
.003007963
3249.4656052
.553087882
.000570622
4322.1200568
.000316751
.001872169
-5353.499170
.552457405
.004143757
11852.430381
.553718359
Island 64:
Nonlinear Regression Summary Statistics Dependent Variable C64_D_97
Source DF Sum of Squares Mean Square
Regression 3 3210.47042 1070.15681
Residual 140 7979.40458 56.99575
Uncorrected Total 143 11189.87500
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(Corrected Total) 142 10142.53934
R squared = 1 - Residual SS / Corrected SS = .21327
Parameter Estimate
Asymptotic 
Std. Error
Asymptotic 95 %  
Confidence Interval 
Lower Upper
T
C
U
.208261412
11.604920635
1.148411049
.039038348
1.910313798
.039393922
.131080501
7.828127635
1.070527149
.285442323
15.381713636
1.226294949
Nonlinear Regression Summary Statistics Dependent Variable C64 D 98
Source DF Sum o f Squares Mean Square
Regression 3 2292.67812 764.22604
Residual 140 5767.25938 41.19471
Uncorrected Total 143 8059.93750
(Corrected Total) 142 7159.92657
R squared = 1 - Residual SS / Corrected SS = .19451
Parameter Estimate
Asymptotic 
Std. Error
Asymptotic 95 % 
Confidence Interval 
Lower Upper
C
T
U
8.414876883
.165156491
.689845544
1.353599676
.036448442
.035109679
5.738737609
.093095964
.620431823
11.091016157
.237217018
.759259266
Nonlinear Regression Summary Statistics Dependent Variable C64_D_99
Source DF Sum of Squares Mean Square
Regression 3 113705.16007 37901.72002
Residual 143 289240.27743 2022.65928
Uncorrected Total 146 402945.43750
(Corrected Total) 145 358556.10146
R squared = 1 - Residual SS / Corrected SS = .19332
Asymptotic 95 %
Asymptotic Confidence Interval
Parameter Estimate Std. Error Lower Upper
C 59.194447717 9.361282327 40.690073979 77.698821454
T .161580846 .033290188 .095776392 .227385301
U .625234187 .033676162 .558666781 .691801594
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A P P E N D IX  D
Detail of plot numeration design for vegetative surveying of cottonwood seedlings.
Upstream BM
• 3C • 3B • 3A • 3-B • 3-C
• 2C • 2B • 2A • 2-B • 2-C
• 1 C  - I B  1A • 1-B • 1-C
(Veg. BM)
• -2C • -2B • -2A • -2-B • -2-C
• -3C • -3B • -3A • -3-B • -3-C
Downstream BM
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A P P E N D IX  E
Cottonwood seedling density and mortality maps 
of vegetative plot work done in the late summers of 1997 and 1998.
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-  River outline at 4,350 cfe (Irwin), taken on Oct. 6,1999
-  River outline at 7,900* cfe (Irwin), taken on Oct. 6, 1999
-  River outline at 10,700 cfe (Inwin), taken on July 28, 1998 
* Outline of water stain left from 7,900 cfe discharge (Irwin)
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